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PROBLEM TO BE SOLVED: To provide an electronic watermark 
insertion system that automatically calculates strength of a proper 
electronic watermark in response to a received image and inserts 
the electronic watermark to the image. 

SOLUTION: An input image is classified by a category classification 
section 103 and provides an output of a category index. A storage 
device 101 stores an electronic watermark characteristic table 
where cross reference among strength of an electronic watermark, 
a degree of deterioration in image quality and an immunity 
evaluation against an attack is described for each category index, 
and an electronic watermark characteristic table in use is selected 
depending on the entered category index. An electronic watermark 
strength calculation section 1 00 outputs strength of electronic 
watermark to the storage device 101, calculates optimum electronic 
watermark strength by using the image quality deterioration, the 
immunity evaluation value outputted from the storage device 101 
and restriction information entered by the user and provides an 
output. An electronic watermark insert section converts imbedded 
data into an electronic watermark and inserts an electronic 
watermark to a received image according to the entered optimum 
electronic watermark strength and provides an output of an image 

to which the electronic watermark is inserted. WW 
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— • -Y— • -Y— • l-7>fi'V'3>X-t>-*-+7 

ICSVT-5i, ^6*§, 4 67-4 7 6H (IE 

EE TRANSACTIONS CM CIRCUITS AND SYSTEMS PCR VEDED 
TBCHNQUXar, VOL.CSVT-6, NO '. 6, DECEMBER, 1995) J & 
ZlCiEMcZ flT^Z) J ND (Just Noticeable Differen 

D<oHflSKffla-r5*»*jitt a^i»s^»h^') 

Lftf^^Ct^T'tSo HnH&ffcS©^-*-? -y 
*U>S>* [0, 1] i:-r§t. mtfPSNR^ 
S«£fctt» MSWPSNRf (li— *te^*t*i 
*Jt) £1+31 LT, 06 (a) fcjR*\fc3fcKHM«:J;o 
T, HJl&ffcSfc^rrSo 136. (a) co a. bi:LT 
«, mii'a = 20dB. b = 50dB fcU^ffifcffll^ 

MAtfiae (b) <Dmmc£iTmn&<\&ic&mt 

%o 136 (b) (OctLXlt, m*-& c = 1 OSrfflV' 

2 o 5^\ai*$n-s 0 

[0061] .MjBH*tt*-rrfy$MBW2 0 4^t>A* 
m 4 ©a-^rfU $H®P 1 0 3 tmffiX&Z, At)WB(D 

tf«^frL^143?£j£g|32 0 S'NaaSft*. 
[006 2] W±SE'<feH 5 ©tt^jgfr L4$tt££jft£e 

B-efffensflrativ i i = i 

HCjftLTti, WS^LMs (m) £m = 

1 MOMiiDK^fbJ-eT, ±*D$os#fT 

frtt£> 0 *-LT, — otDMFF&fr^Ws (m) tc*fL 
Ttt, 7f"y^^9^—fx (j) *j = l 
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.fcdKLTff&ftfcttlttBSy (k (i) , m, j) , 
^fJSfrLSfcfis (m) ii^tD-O'x-y^Xm, 7*>y 
^5*-£x (j) tZoMyrytxj , iifl&tt: 
fld (k (i) . m) , ^T-rf'J-O^-y^Xk (i) 
ti*F iSfr L Wtta^ffllJ 2 0 5 -\A^J S n, W? 3 

[0063] L¥ftit&*E.®.%l 2 0 5 {CO 

/0 [ 0 0 6 4 ] 12 7 ItMrM&fr L#teS±/jS$P 2 0 5 OH 
Sfi©JBftl*a-rray*H1f*4o tttlll|S«Mf«3 0 

i: * t- rJU 4 >y*v 9 XtcS^V >TJfcfh U SUHttSfr 

e,«a**jfWLTWtM¥fiiHOTmw3 0 2^a*-r 

*>„ iia^t«»itgP3o i«, wnzitrntttiT-dtv 

. Mffiwmsp 302i±, 7*yw?*—*k. ^tb$sm 

\mmm&irtz> a T--^^gP3 0 3(i, *f-=fu 
mm t <ott&&!si l tz.wt^m. u L^i*a 

[0 0 6 5] JfcK, 07cDm : ?5g^Llt'I±S^gP©i!l 
[0 0 6 6] ^S^LO^tH^my (k (i) , m, 

j) fi*uia«»HW3bo'vA***>%. m&mm$k 

*Suml (k. m, j) (k = l, ...... K. m= 

1 M. j = 1 J ) t U *xrf'J 

4N1 (k, m) (k= 1 K, m= 

i m) t-r-So mrnvmr-iz, sumi 

(k, m) , Nl (k. m) cQffiSr^T 0 <y 
^„ iSgncoBf^c5tT?)*7 L rrU'f'yx-y^7.k 
40 (i) fc«?a*»LMUfiM' yf7^Xmt7?7^^ 
^-^©-fy-r-y^Xj fc^Ul^Sy (k (i) . m, 
j) fc^A*Sn*fc, Suml (k (i) . m. j) 
©fflKttHJlSSy (k (i) . m, j) msMZtU S 
uml (k (i) , m. j) <O\mWlft1<*iZ> 0 Sfe, 
. Nl (k (I), m) ©ffltc 1 jWbnJfSfU Nl (k 

(i) , m) ©fl[*TOSnSo TzfcU i. j. 
m©^ j <Dfrtfmt-f%t§&lt. Nl (k (i), 

m) CDfi|C0H»Tl±fT : bn^:l/ , 'o m=l MX'tk 

■$ftZ>-?'<X<Dm.Ti&frW1Z&t i = 1 IO 

jo ■t^.xoym^t j = i . . . •. , j XTjk-gnz-r^xo 
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[006 7] 
[R4] 

Sum\{k,m,j) 



r(k,m,j) = 



:<fcOs &k, 



m. j fcitTStftffi* r 
B1HMliffl»Uffi3 0 2'\ 



[0 0 6 8] H 
(k, m. j) 

[0 0 6 9] »14l¥WI^mg|33 0 2T?ti, tttti££& 
SttR3 0 0*^6ffi**na*ttJ*r (k. m. j ) fcg 
rJv^.T^y^KJtrSKIMMlBfflV (k, m) 

W3 0 2©i!if^©mfflU:saBrs o 
[0070] Mtt#fc>d ( i ) «, mn^itm 
mm3 o j 'NA^^ti^.c 9K£{ts&tH&3 b 1 a 

ffr«fcii>©BE»J*Sum2 (k. m) (k = 
1 K, m= 1 MK AxJU-r^ 

2 (k, m) (k= 1 K, m= 1 

M) fc-TS, SJWttHBTtt, Sum2 (k, m) , N2 
( k . m) cOffl^^T OW'vhtSo i #@ n CQiltfg! 
tCjkWS*-r=fU'r>7 , 'y^Xk (i) £W¥MfrL& 

&^y7-'y>7,mtmn^{tmd (i) fc««A*sns' 

t. Sum2 (k (i) . m) ©fitted tfinB^fU S 
urn 2 (k (i) . m) ©fi|jW8K*n«o *fc, N * 
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/$ 

*2 (k (i) , m) COfiite 1 tfjjp^jfu N2 (k 
( i ) , m) Offtb^BKSflSo m= 1 MT* 

^sns-r^TfiMt^^baacfc i = 1 i 

[007 1] 
C*5] 

Sum2(k,m) 
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D(k,m) = 



N2(k,m) 



[0 0 7 2] KJ:9* &k, mteJfrrsOBJtS&ftfiD 
(k, m) tfWfcUSn, 7*-**ft&«S3 0 3^*2*1 

(. 

-So 

[0 0 7 3] ^-^^§153 0 3T*f±, WtHWifftB 
ffi3 0 2)!P&a*Sn*i814IWBHfflV (k. m) t. M 

f&sitmmms o 1 fr&aasnsHWs&ftaED 

(k, m) i:, *?38;frL3ft0Es (m) fc**k*6T, 
20 . [0 0 7 4] ^{C, 07fC^»tts¥fiMWttg|53 0 2 

k*5^t, wttfffiffi^fi^»:tH'r.■?)73S^c•^^^T^^^B^-r 
[0 0 7 5] TZv^'^t-zx^mmivmcz.^ 

^xf^-rS^U^'r a (k. m. x) t 

.■tz't* mz>-mm%iw (x) £ffl^r, s*wtct± 

[0 0 7 6] 
C«6] 



V(k y m) = f°° w(x)r fl (*,m,x)dx 



[00 7 7] fC«fcoT»ttl¥fiffifiiv (k, m) ^etBT 
£>„ M*f*^M»w (x) »i, #7*-y*/<5*-*x 
icft-tZ&tiimoMiiWffimv (k, m) 
5£T3 0 &rLfci&RT?U:*^tf, HttffMififfiV (k. 

m) [o, i] .(D%fflt-t%(Dr*&Mi, a 

»wtiwaw (x) 
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[&7] 



f w(x) <ix = 1 

J-OO 



[0 0 7 9] ZffitztZSlC-tZo 

[0 0 8 0] a*#ltM»w (x) ©Jgtfli, 7*y* 

7*-*jWMMtfc4&tf, w (x) £08 (a) <D=k 
Sft*HM^*SHRfc*-fttfJ:V\, Cftti, $EMb 



**S>hT\ 7 *y w (x) 
^rff>j^.tf^8 (b) ©«fc?{Cx = l©££fc:§:*:ffi*fc 

•a t, *W4itn* feft^ xm'pt & mmcTtus <t 

Stc «fe o T ffijftaMgT b> l to 6 «n/fc i: t o« 

5^-^««lE]|sft46^ w.(x) *W*tfH8 (c) 
Oi9«::tnH<J:v>„ cnti, tSk^-;l/ft£T 

■eii»*ttfc-r*iRfc, 9 o«©fg|fe©^fi©[i]iKti> 
T-M^jityc 9 OtfWXfiffti: ^©iffia 

50 a<D^ST*CDIllltoli:«-r5«ltB*ti, fflOftfiKtt'OI 
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(x) *iettl/C:fe<. f LT> C©IM»«*ffl^Tjfr 

-So 

[0 0 8 3] 09 (a) fCjjVfra (k, m, x) 4JJf 
nKBatlUfeBBttSr' (k. m, x) fcU l»lt(t 

hb^w (x) *^/fn^Jfi^«ufcM^w , (x) fc-r 

5c S*{b©(ii@^x =xo. , xo+Ax, xo +2 A 
+ (H-l) Axhn^ ®.6lt. 



X 0 
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C»8] 



BKftt), 08 (c) OTOiS^T'feSo 
[00 8 1] i^LfcTaffitcScJ^T, gflKicH 

ttJMMBV (k, m) «MCHi-r*3?ft»COV">Tifi^*. 
[0 0 8 2] tfttti*i:br»5n«©tt7*y^-'^^ 

7*-2x (j) (j = l J) lCttTZ>{H<D 

HXib% a titts IWWw (x) fe, ffifcoxte 

fc7*v*/<7*-*x (j) ©!§8S&<fc»£9i-#*ffl 

frm a x T«*<t Lfc t ^(D^mm^isb. mmm 
imwmcm^Zo m&wmmtiis o 2 taenia * 

H- I 

[0 0 8 5] T'j£f«T*#3o iot, »8-p^£*SiBitt 
WfflfflV (k. m) ^r^xri'U-r^-r-y^Xk. &® 
^8frL3£fimK*fLT»fcHU f-*tt&»3 0 3^ 20 

[0 0 8 6] coyfi&t. 7$"y*/<5*-*£f***¥ 

5 £ t «lct5„ 3«Wc7 * y 5 *'fsiX\%h*\tc 
f— *^1»4<» £R8c7*y**fToTV-«&:^7* 

Z^y^^— £ x (j) <DMr3J5lc&2>M 
S*'J»S<ffl>.» iE»*B14fHBfi«([ttl*^rffifc"r*. 

sfc* s*hr^BM*ffli>rimffWiiiiffi*jfa-r*fe ' 



£*.*&R* t **«^t?t>, wttfMDHiniiiffiaP3 0 2o 

[008 7] 5Wc, B 7 fC^fJtt8"Mffi«J*WfiP3 0 2 

[0 0 8 8] ±3zEO^?Si:|31^cLT, TfyZ'U* 

[0089] 
C»9] 



V(* t m) =— f T(r a (k,m,x),a)dx 
L J - ao 



[0 0 9 0] tC?£oT> Afn'Nyf-^Xk, ★ [0 0 9 2] T4*6n5 2ffi{tB8»W5 0 cnfcj: 



(k. m) CCKLtt»Pi:;Q:57$"y*>< 

T (x, a) t* 

[00 9 1 ] 
C»10] 

T(x t a)= 1 



40 
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(x>a) 
(*<a) 



1 



qiOfiS Lfc3tr*Jt**WttffHBfflfc LTJttHSft 

[0 0 9 3] 
BS 1 1 ] 



V(k,m) = — 2^T(r\k,m,x 0 + h&x) y a)&x 



[0094] fC £ o Tgfc 9 fcifim U WMfflW&*mii y^r-y 5 7. k , LSftgmfctt LTgffi U -r 

&1 l<DW1tff«fiV (k, m) ^^xzflM 50 -*tt&a$3 0 3'Mii*rrS. 
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[0 0 9 5] COXfimt. &Z>9m<Dfr* 
[0 0 9 6] JW± % *fSB^Ol|^r^L}fA->^AS 

[0097] j&emovfWpiAt a->xt-asdw 

* =1 > tr a - * t 0 fH*TBj&6& 7a 9 7 ASffifc 
[0 0 9 8] Sfc±H3E®i»»±it-/^He«*i?Kffi8A 

[0 0 9 9] 

[0100] zjiwm&tiT-dtvmzti* 

U «^**L©ftWcffll^« ■ 

[0®<Df8W£»y«] 

[0 1 ] *m&>fa i oitewo^iiko^'p 

So 

[02] 01 (ZHKTSfrLSaSWtfiffi l 0 0 OftflFfcR 

[0 3] *f£W<Dm2<Dmi&<OBm<D7ny>7mT*& . 
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[0 5] 03 oyttMfr Lf#ttSft/£SB 1 3 2 
<DftM<D7a v ^0T*&-3 O 

[06] is^di9Wtt»cfflt^Kiftoflw*^-rHT? 
[07] 05 cov?mfr L&®.m$Lim 205 <d^ss© 
[08] 72v?(om®mffiimtiiiz.m^2>nfrtti<m 
[09] «Hisp(oai*fb©ffii*3WBi-e*s- 

[010] t^©*«frUfAH©0|*^iaT** 
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